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Methods
The time taken by anaesthetists to cancel randomly generated visual and audible false alarms was measured during maintenance of routine anaesthesia. Alarms were generated and times recorded by a laptop computer on the anaesthetic machine. The visual signal was a 15mm diameter red light positioned next to the physiological monitor mounted on top of the machine. The audible alarm was a Sonalert® buzzer of the type incorporated into many medical devices.
Results
Nineteen anaesthetists provided a total of seventy-two hours of data (887 alarm events 
Conclusions
The ability of anaesthetists to appreciate changes in patient physiology may be limited by delays in noticing information presented by monitors. The rapid response to the vast majority of alarms indicates a high level of vigilance among the anaesthetists studied. However, this study suggests that it is safer to rely on audible rather than visual alarms when time-critical information such as oxygenation, heart beat and ventilator disconnection is concerned. Visual alarms would appear to be more appropriate for conveying less urgent information.
Key Words: MONITORING: anaesthesia; EQUIPMENT: monitors, alarms "Monitor" is from the Latin, meaning one who admonishes, warns or reminds 1 . Anaesthetists rely to a greater or lesser degree on monitoring equipment to notify them of the state of patient physiology. This is particularly true of variables which we are unable to monitor directly and continuously with our senses alone. These include inspired and expired gas concentrations, arterial oxygen saturation and cardiac activity. The attention of the anaesthetist needs to be shared between the patient, the anaesthetic equipment and the monitor display. It has been proposed that the time-sharing of these tasks may cause information critical to the patients well-being, if presented visually, to remain unnoticed for a period of time 2 . It has been previously shown that the mean response time to abnormal numbers on a theatre monitor was 61 seconds with 16% undetected after five minutes 3 .
Evidence from the psychology literature also suggests that responses to information are quicker and more reliable for auditory than visual presentation 4 . Although the importance of a mix of methods of alarm notification has been identified 5 , the relative response times remain unclear in the anaesthesia environment. The aim of this study was to determine the differences in response times to audibly and visually presented alarms.
METHODS & MATERIALS
Following institutional ethics committee approval, 19 anaesthetists gave written informed consent and were enrolled in the study. These anaesthetists were studied to determine the time taken to respond appropriately to a simulated alarm. The alarms were of two types, an audible alarm provided by a Sonalert® buzzer (3,000 Hz and 70 dba at 1m) or a visual alarm consisting of a 15 mm diameter red light.
Both buzzer and light were housed in a small box situated next to the patient physiological monitor. A Toshiba T1000 laptop computer was used to control both the buzzer and the light via a parallel port interface box 6 . A programme written in BASIC was used to generate a random delay of 0 to 600 seconds and then randomly choose either buzzer or light to signal an alarm. To reset the alarm the subject was required to press the space bar of the computer situated on the lower shelf of the anaesthetic machine. From the anaesthetic record, the type of case, its duration and the experience of the anaesthetists present were extracted and related to the alarm data. The type of alarm, time of day, delay time and time to reset the alarm were all recorded in ASCII format on a floppy disc for data analysis. At any time during the study period, the anaesthetist could withdraw by deactivating the alarm system. Non parametric statistical tests were performed as the data were not normally distributed.
RESULTS
Participants were classified on the basis of their experience as anaesthetists into three groups. Four beginners with less than six months experience (96 alarms), eight trainees with between six months and four years experience (386 alarms) and seven consultants with more than four years experience (218 alarms). In addition, eleven datasets (187 alarms) were collected while two anaesthetists were present in the operating room. This resulted in a total of 887 alarms occurring during seventy-two hours of observation.
There was a significant difference in response time to the two types of stimuli (P=0.001 Mann-Whitney U test). Median response to the light was six seconds compared with one second for the sound.
The ninetieth percentiles were 40 seconds and three seconds respectively. The slowest response to the light was almost five minutes in contrast to one minute for sound ( Figure 1) .
A Kruskal Wallis analysis revealed a significant (P<0.001) effect of experience on response. This resulted from uniformly quicker responses to both VISUAL AND AUDITORY CUE RESPONSES light and sound by beginners. There was no consistent difference between the other groups of subjects (Figure 2 and 3) .
DISCUSSION
The finding that anaesthetists respond more rapidly to audible than visual alarms is not surprising. A visual alarm can only be effective if the anaesthetist looks at the monitor, whereas for an audible alarm to be noticed requires only that the anaesthetist is within "earshot" 2 . The alarms in this study were in addition to the routine background of the operating room during surgery and so provide a model closer to reality than the laboratory setting in which many of the earlier studies were done 4, 5 .
It has been coherently argued that monitoring instruments can significantly reduce anaesthetic mishaps 7 and that this reduction can indeed be cost-effective 8 . However, where a potentially lifethreatening situation arises, it is important that an alarm rapidly attracts the anaesthetist's attention. Our results suggest that in these circumstances auditory rather than visual alarms will lead to earlier responses and improved outcomes.
In response to this problem a number of practical proposals have already been made for the use of auditory alarms in the operating room 2 . Also innovative forms of auditory signalling, such as the variable pitch beep of the pulse oximeter, offer more effective use of the sense of hearing 12 .
Further important considerations are integrating alarm devices into single units, such as more modern multifunction anaesthesia monitoring systems and limiting less time-critical alarms to visual only signalling to reduce masking and misidentification.
The more rapid response of beginners to all alarms may be the result of higher anxiety states related to an unfamiliar environment. The short response times to the vast majority of alarms demonstrate a high level of vigilance among the anaesthetists. However, for time-critical information, audible is preferable to visual signalling.
